Background: Femoral neck fractures (FNF) are a challenging orthopedic problem, and their appropriate treatment remains controversial. Nowadays, bipolar hemiarthroplasty (BHA) is increasingly used to treat FNF.
Background
Hip fractures, including femoral neck fractures (FNF), are one of the most common injuries among the aging population and are associated with considerable financial burden on the healthcare system (1) (2) (3) . Although recent studies have shown that the incidence of hip fractures in Iran and the related financial burden are lower compared to developed countries (4, 5) , the figures are a reminder of the necessity of these devastating injuries. The figures for falling down and subsequent hip fractures have been reported as 237.1 and 93.6 per 100,000 person-years, respectively, for the population aged over 50 years (6) . The cost of treating hip fractures in Iran accounts for 0.85% and 12.4% of the global and Middle East burden, respectively (7) . The problem is more extensive and worrying in developed countries (1, 7) . The aging of the population is associated with increased incidence of hip fractures (8) (9) (10) (11) .
Few patients with hip fracture can return to their preinjury activity level and regain independence in activities of daily living (ADL) (12, 13) . Half of hip fracture patients are dependent in ADL and nearly 25% require long-term care and treatment (14) .Due to the particular circulatory system feeding the femoral head and neck, and the sophisticated anatomical, functional and biomechanical characteristics, treatment of FNF remains challenging. Considering the increased life expectancy and complications following FNF, finding a safe and efficient treatment method for these fractures is necessary. There are several treatment options suggested for FNF including fixation using a cannulated screw, unipolar hemiarthroplasty (UHA), bipolar hemiarthroplasty (BHA) and total hip arthroplasty (THA); each with its advantages and disadvantages (2, (15) (16) (17) (18) (19) (20) (21) (22) .
The purpose of treating FNF differs in youth and elders. Although internal fixation and femoral head preservation are believed to be the preferred treatment goals (16) , there is no consensus regarding the most appropriate modality of treatment. These controversies about the best treatment for FNF are more prominent in older patients with shorter life expectancy and lower functional demands. Many authors believe that the treatment must be selected individually based on the fracture pattern, displacement, pre-injury activity level, mental status of the patient, the quality of the bone and joint, the amount of independence of the patient in ADL and their general health status (16, (23) (24) (25) (26) (27) (28) (29) .
Objectives
In the current retrospective study, we investigated the outcomes of treating FNF using BHA.
Methods
Between 2010 and 2012, 67 patients with displaced FNF (based on Garden's classification) underwent cementless BHA through a lateral surgical approach in Taleghani Hospital. After the operation, these patients received daily subcutaneous low molecular-weight heparin (Clexane 40 -60mg. based on body weight) for thromboprophylaxis for five weeks. Before the injury, all of the patients were ambulatory and independent in their ADL. Age, sex, mechanism of injury, underlying diseases, the time interval between injury and operation, development of infection, symptomatic deep venous thrombosis (DVT) or any other complications were determined using medical records. Patients were called and asked to undergo an evaluation if they were interested in participating in the study. Patients returning for the last evaluation signed an informed consent.
At the final visit, a Harris Hip Score (HHS) questionnaire was completed for all of the patients. The scores < 70 were graded as poor, between 70 -79 as fair, between 80 -89 as good and ≥ 90 as excellent. The pain intensity was determined utilizing a 10cm scale (visual analogue scale). In this scale, 0 indicated no pain and 10 indicated the most imaginable severe pain. Also, patients were asked about returning to their preoperative activity level. The mortality events at the first postoperative year were also recorded.
The correlation between delayed surgery, and the risk of first postoperative year mortality and functional outcomes was investigated utilizing Spearman's rank correlation coefficient (rho) and Pearson's correlation coefficient (r), respectively. Statistical analysis was performed with SPSS statistical software (version 15.0; SPSS, Chicago, IL). A value of P < 0.05 was considered statistically significant.
Results
Of 67 patients, nine patients were lost due to change of address or unwillingness to cooperate in the study. Also, three patients died after the first postoperative day and were excluded. Fifty-five patients completed the study. The characteristics of the patients are presented in Table 1 . Some patients suffered from more than one comorbidity.
Sixteen patients (29%) died at the first postoperative year (all-cause mortality). Thromboembolic disease was observed in one patient two weeks postoperatively, who died because of pulmonary embolism. One other patient 
Mechanism of injury

Falling down 39
Direct trauma 5
Car accident 11
Side of fractured limb
Right 37
Left 18
Comorbidity
Without comorbidity 17
Hypertension 28
Ischemic heart disease 13
Malignancy 4
Asthma 2
Cerebrovascular accident 2
Diabetes mellitus 25
Hyperlipidemia 11
Others 13
Time interval between injury and surgery, d
7.1 ± 3.8, 1 -24 died intraoperatively because of myocardial infarction. Of the 39 remaining patients, two patients developed surgical site infection. One of them was treated successfully with oral antibiotic therapy, while another patient underwent irrigation and debridement several times. Prosthetic hip dislocation occurred in one patient, who underwent reoperation. The clinical and functional evaluations were performed for the 39 remaining patients (Table 2 ). These patients were followed for 28.1±3.8 months (range: 21 -40 month).
The interval between injury and surgery was not correlated significantly with first year mortality (P = 0.321) and HHS (P = 0.793). However, Figure 1 shows that a decreased interval between injury and surgery is associated with increased HHS. 
Discussion
Hip fractures are one of the most important and challenging orthopedic injuries. Several treatment modalities have been used for treating these injuries. However, bipolar hemiarthroplasty (BHA) is increasingly used worldwide to treat displaced femoral neck fractures (FNFs). Although, there have been several studies conducted regarding the results of the procedure, concerns about the rate of morbidity and mortality following FNF, especially in older patients with comorbidities, propelled us to perform the current retrospective study.
Altay et al. retrospectively investigated the outcomes of cemented BHA in 76 patients over the age of 65 years. Patients were followed for at least one year. They found that HHS averaged 84.7 and 85.5 in patients operated on through posterior and anterior approaches, respectively. Although early dislocation occurred in 9.6% of patients who underwent the posterior approach, they concluded that BHA is an appropriate and effective treatment for this patient population and the approach does not affect the outcomes (30) . In another study with 3.5 years follow up, Bezwada et al. evaluated the clinical and radiographic outcomes of cementless BHA for treating displaced FNF in patients over 65 years of age. The HHS averaged 82 points. Loosening of the femoral stem was found in two cases. Conversion to total hip arthroplasty (THA) was performed for six cases due to the severe groin pain. Bezwada et al. concluded that cementless BHA is a safe and efficient treatment modality with predictable outcomes (31). Rajak et al. treated 30 patients with displaced FNF using BHA and found acceptable short-term functional outcomes. One patient with intraoperative periprosthetic fracture and one with prosthetic dislocation were observed (32) . Also, Unger et al. reported satisfactory outcomes of treating FNF using BHA with a low rate of complications (33) . In 2013, van den Bekerom et al. reported the outcomes of hemiarthroplasty in patients with FNF. The surgeries were performed between 1975 -89 and patients were followed up with until death. The authors found that the mortality rate after the first and fifth postoperative years was 28% and 63%, respectively. Sixteen percent of the patients underwent revision surgery due to aseptic loosening, protrusion or both (34). Schneppendahl demonstrated that BHA is associated with increased mortality. However, the impact of BHA has significantly decreased over the last twenty years (35) .
Utilizing bone cement in BHA has remained controversial. Recently, Langslet et al. found that both cemented and cementless BHAs are useful for treatment of displaced femoral neck fracture with satisfactory functional outcomes. Although, uncemented BHA was associated with a higher HHS, and the risk of later femoral fracture was greater in this group (36) . Also, in a similar study, Ng and Krishna demonstrated that functional outcomes, complications and mortality were the same between cemented and cementless BHA (37 
U n c o r r e c t e d P r o o f
In the current study, we also evaluated the short-term outcomes of treating displaced FNFs in elderly patients (mean age: 73 years); most of them suffered from comorbidities. Unfortunately, 29% of our patients died during the first postoperative year. One patient died intraoperatively due to the myocardial infarction. In addition, despite chemical thromboprophylaxis, another patient died due to a pulmonary embolism. Of the surviving patients, one patient required reoperation because of dislocation, which was caused by a surgical technical error (excessive anteversion). We operated on a 35-year-old patient who suffered from malignancy and other comorbidities, and because of a short life expectancy, we decided not to perform open reduction and internal fixation for this patient. Deep infection and osteomyelitis developed in one patient who was treated successfully with antibiotic therapy and surgical debridement. There were no major complications in other patients. The mean of the HHS was acceptable (83.5) and 72% of patients achieved good to excellent outcomes. Most of the patients did not require analgesic consumption at the last visit. Only one patient complained of severe, bothersome pain. Interestingly, 74% of patients regained their pre-injury level of activity. Of 39 patients who were evaluated at the last visit, only two patients were on bed rest (5%), while the others could ambulate independently with or without using assistive devices.
Comparing the outcomes of hemiarthroplasty using bipolar and unipolar prostheses shows that although there are some advantages with using BHA, UHA can share many of these advantages with a lower cost (39-41). Stoffel et al. recommended using UHA for inactive elderly patients with FNF (39) . In a recent meta-analysis by Liu et al., UHA and BHA achieved similar clinical outcomes in treatment of displaced FNF fractures in elderly patients (41) . However, some authors prefer using BHA for this patient population (42) .
Addressing the controversies about the most appropriate treatment modality for FNF, some surgeons compared the outcomes of internal fixation osteosynthesis and arthroplasty. A meta-analysis in 2003 found that arthroplasty is associated with reduced risk of revision surgery but with greater rate of infection, blood loss, operation time and possibly increased mortality rates, which should be evaluated in future studies with a greater sample size (43) . In a meta-analysis by Dai et al., arthroplasty significantly reduced the rate of surgical revision and complications compared to internal fixation. They found no increased rate of mortality because of arthroplasty. Dai et al. suggested that arthroplasty should be considered as the primary treatment modality for elderly patients with FNF (2). Nicolaides et al. demonstrated that although arthroplasty has led to better functional outcomes and lower rates of reoperation, the risk of infection, the volume of blood loss and the operation time were significantly higher with arthroplasty (44) . Wang et al. found similar outcomes (20). Recently Stoen et al. reported the findings of a clinical trial and found no difference in terms of survival, complications and functional outcomes between hemiarthroplasty and internal fixation with two cannulated screws. However, they concluded that hemiarthroplasty is the treatment of choice with predictable outcomes for FNF. They advised more studies should be performed to compare THA and hemiarthroplasty (45) . It seems that although some authors supported arthroplasty for treatment of FNF, each of the two methods (arthroplasty or internal fixation) has its own advantages and disadvantages, and more extensive studies are required.
Some authors compared the outcomes of hemiarthroplasty and THA for treating unstable FNF in elderly patients. For example, in a randomized clinical trial Blomfeldt et al. compared THA and BHA for treating displaced FNF in elderly patients and concluded that based on the better functional outcomes and the same rate of complications and mortality, THA can be used as the primary treatment (46) . These findings were confirmed in other studies by Park et al. (47) and Hedbeck et al. (48) . To our knowledge, there has been no study in which the superiority of BHA over THA has been shown, however, it seems that more studies are required.
Although there are several factors causing confusion in the choice of a preferred treatment method for FNF in elderly patients (several treatment modalities, multiple factors affecting the outcomes of surgery and different methods in designing the studies), BHA seems to be a safe and efficient method with satisfactory clinical, functional and radiological outcomes. However, the high rate of mortality at the first postoperative year is a reminder that the low-risk patients must be carefully selected preoperatively based on diagnostic and screening tests.
In the current study, we found no significant correlation between delayed surgery, and functional outcomes and mortality at the first postoperative year. However, our findings suggest that the HHS was higher in patients operated on with less delay. It seems that our patients underwent surgery with a considerable operational delay compared to current guidelines. However, one should note that some problems, such as comorbidities (cardiovascular/pulmonary diseases) in elderly patients, require more detailed preoperative assessment, which is, unfortunately, a time consuming process in governmental hospitals.
Verbeek et al. reported similar results to our study in a retrospective study on 192 hip fractures. They found that delayed surgery did not affect the risk of mortality at the first postoperative year but can increase the risk of infec- Similar to other studies, there were some limitations with our study. The most important limitation of the current study was its retrospective nature. We investigated the short-term outcomes and additional long-term follow up seems to be required.
In conclusion, the first year mortality in treating elderly patients with displaced FNF using cementless BHA was considerable, however, the functional outcomes were satisfactory in surviving patients. Seventy-four patients returned to their pre-injury activities. Most of the patients were ambulatory with and without using assistive devices. The interval between injury and surgery was not correlated with mortality and functional outcomes. 
